Introduction
Coral reef ecosystems are undergoing degradation due to a myriad of different yet interlinked problems (Pandolfi et al. 2003) . As these ecosystems harbor very high levels of biodiversity, and have important service function in both economic and cultural terms for humans, protecting reefs is now considered "of immediate importance" by the United Nations (Plenary, 65 th General Assembly, 69
th Meet ing, December 20, 2010) . In order to properly protect coral reefs, understanding of the threats facing them is necessary. In recent years, researchers have identifi ed and investigated many causes of coral reef degradation, including coral bleaching due to abnormally high (e.g. Lesser et al. 1990 ) and low ocean temperatures (HoeghGuldberg and Fine 2005) , crown-of-thorns starfi sh outbreaks (Moran et al. 1988) , pollution and nutrifi cation (Pastorak and Bilyard 1985) , and overexploitation (Glynn 1996; Guard and Masaiganah 1997) .
One additional threat to be added to the above list is one species of cyanobacteriosponge, Terpios hoshinota (Suberitidae). Although fi rst notice in Guam (Bryan 1973 ) and only formally described in 1993 (Rützler and Muzik 1993) , this sponge is known to occasionally undergo massive outbreaks in the northwestern Pacifi c (e.g. Marine
Park Center Foundation 1986), and is distributed from the Northern Mariana and Western Caroline Islands, with additional distribution in the Philippines, Taiwan and American Samoa (Plucer-Rosario 1987) . As an encrusting sponge, during outbreaks T. hoshinota overgrows almost any hard substrate, including corals and other coral reef benthos, which it often smothers. Thus, due to these outbreaks, coral reefs can suffer large amounts of damage.
The presence of T. hoshinota was reported from the Ryukyu Archipelago in 1984 1985 (Rützler and Muzik 1993) , and in 1985 1986 the fi rst massive outbreak was docu mented in Japan, where much coral died at Yonama and Boma, Tokunoshima Island, due to T. hoshinota overgrowth (Marine Park Center Foundation 1986; Rützler and Muzik 1993) . Due to its black color and encrusting shape, it was fi rst referred to as a "black disease" by local media, and this sponge covered 80% of hard substrate in some areas (Marine Park Center Foundation 1986; Rützler and Muzik 1993) .
Furthermore, recent research from Taiwan (Liao et al. 2007 ) and the Great Barrier Reef, Australia (Fujii et al. 2011 ) suggests this sponge is expanding its range in the Pacifi c, perhaps as coral reefs weaken due to cumulative stress and degradation (Rützler and Muzik 1993 
Materials and methods

Identifi cation of Terpios hoshinota
Terpios hoshinota was identifi ed based on morphological diagnostic characters as described in Rützler and Muzik (1993) . Terpios hoshinota is easily identifi able from numerous characters both in situ and ex situ. In the fi eld, the sponge forms a thin ( 1 mm) crust that overgrows hard substrate, and this crust is thin enough so that the texture of the underlying substrate remains visible. In shallow habitats, the upper side (e.g. light-exposed) is often light gray to silver, while the underside (bottom-facing) of the sponge is dark brown (Fig. 1A ). In areas with relatively few waves or currents, the sponge may be slightly thicker.
Additionally, small oscula (pore-like openings) are often visible in the fi eld (Fig. 1A) , and have astrorhizae radiating outwards from them (Fig. 1B) . Terpios hoshinota has large numbers of endosymbiotic cyanobacteria, and upon preservation in ethanol the solvent will turn dark green (Hirose and Murakami 2011) .
Assessment of presence of Terpios hoshinota
Various locations (64 sites, were taken with an underwater camera, and the depth, substrate and relative abundance were noted. Abundance was judged and classifi ed using the following criteria: 1)
"not present", with no T. hoshinota noted; 2) "limited", defi ned as small or single patches of T. hoshinota present that were 30 cm in diameter ( 
Results
Presence of Terpios
Of the 64 sites investigated during the course of this study, T. hoshinota was confi rmed at 23 sites, with two more potential sites (Bora, Miyako Island and Sesoko Island) where encrusting sponges growing over live coral were seen but not confi rmed ( not collected and examined) to be Terpios (Fig. 3 , Table 1 ). At 40 sites, T.
hoshinota was "not present", with no colonies noted.
How ever, at several sites (n 19), the presence of T.
hoshinota was "limited" ( Fig. 2A , Island), the presence of T. hoshinota was "extensive", with large extensive patches that formed a continuous mat over almost all hard substrates, with cover approaching 80% in areas ; Fig. 2C , Table 1 ).
Images from most locations are available as Supplemen- Island, Miyako Islands, T. hoshinota was present from 2 to 11 meters). The deepest T. hoshinota colony confi rmed was at 17 meters (Maehama, Yoron Island; Table 1 ). 
Stability of Terpios populations
Covering on non-coral organisms
Terpios hoshinota covered not only dead and live corals but also coral limestone and other organisms such as coralline algae, Halimeda spp. (green alga), and occasionally shells of giant clams (Supplementary Fig. 2A C) . As well, in the zoanthid Palythoa tuberculosa, one colony's periphery that was partly covered with T. hoshinota was discolored ( Supplementary Fig. 2D ). In contrast, some Supplementary Fig. 2 ).
Discussion Distribution and abundance of Terpios hoshinota in the Ryukyu Archipelago
Similar to Rützler and Muzik (1993) , it appears that T.
hoshinota is widely distributed from Tokunoshima I.
southward in the Ryukyu Archipelago, although only in small numbers at most locations, and generally at shallow ( 5 m) depths. From the comparison of our data to the data from 1985 1986 it appears that T. hoshinota is spreading slowly in this region, and is a usual but minor component of coral reef ecosystems in the Ryukyu Archipelago. In this study, we confi rmed the presence of T.
hoshinota at 23 of 64 sites ( 36%), while in Rützler and Muzik (1993) , T. hoshinota was only noted at 11 of 182 sites ( 6%). This increase could be partially due to the overall degradation of coral reefs in this region due to ecosystem stress incurred by bleaching, crown-of-thorns starfi sh outbreaks, and/or human impacts. When this species ar rived in this region is unknown, and we cannot ascertain from the data of this study as to whether or not T. hoshinota is spreading its distribution in the northwestern Pacifi c as theorized in Liao et al. (2007) , although Rützler and Muzik (1993) mention that the species was not noticed in surveys until 1985. Asides from Amami Oshima Island, the presence of T. hoshinota was confi rmed Table 1 and Supplemental Fig. 1 (image archive) from every major island or island group (Fig. 3) .
Terpios hoshinota has not been reported from sites north of Amami Oshima Island in Japan, suggesting that its distribution may be limited to warmer subtropical or tropical waters. In this study, no T. hoshinota colonies were seen north of Tokunoshima. Rützler and Muzik (1993) reported the small occurrence of T. hoshinota at two sites on Kakeroma-jima Island (southern Amami Islands) where we did not investigate in the present study.
We investigated ten sites on Amami Oshima Island (Table   1) , and found no T. hoshinota. Furthermore, to date the occurrence of T. hoshinota has never been reported from the Osumi Islands and southern Kyushu. Thus, a tentative northern limit of T. hoshinota may lie somewhere in the Amami Islands. In general, the diversity of many zooxanthellate hard corals and related animals such as zoanthids (Ono et al. 2008 ) and photosymbiotic ascidians 
Ecology of Terpios hoshinota outbreaks
While this study and other recent research (Liao et al. 2007; Fujii et al. 2011) have documented the distribution of T. hoshinota, the ecology of this species remains understudied. In particular, the mechanism(s) behind massive outbreaks remain unknown, as well as the dynamics of the outbreaks themselves. Rützler and Muzik (1993) speculated that turbidity in nearshore areas may contribute to outbreaks of this sponge. However, in this study, T. hoshinota was found not only in areas with high turbidity, but also at relatively pristine locations (e.g. . These fi ndings imply that massive T. hoshinota outbreaks are not an ecological dead-end, and may be reversed. However, due to the lack of data, we cannot yet estimate length/durability of outbreaks, and clearly more research (e.g. monitoring)
is needed to understand this subject. The outbreak of T.
hoshinota likely directly impacts on some non-coral benthos by overgrowing them or competing for space.
Interestingly, some organisms appeared to be able to coexist with T. hoshinota (Supplemental Fig. 2E, F) .
Regardless, since corals form the base architecture in the coral-reef ecosystem, degradation of these reef-builders should result in the death of these Terpios-resistant or-ganisms over the long-term. Additional studies on T.
hoshinota's competition with other benthos (hard corals, soft corals, etc) such as Wang et al. (2012) are also urgently needed to gain a better understanding of their ecology.
